The b-amyloid precursor proteins (bAPPs) are a family of glycosylated transmembrane proteins that include in their sequences the bamyloid peptide, a major component of the characteristic amyloid deposits or senile plaques found in the brains of Alzheimer's disease patients and aged Down's syndrome subjects. Various bAPP isoforms, mainly bAPP-695, bAPP-714, bAPP-751 and bAPP-770, the number corresponding to the number of amino acids they encode, resulting from the alternative splicing of a single primary transcript have been described. Using oligonucleotides recognizing each of the four major Alzheimer's bAPP mRNAs, we have found that each bAPP mRNA displays a speci®c temporal and spatial pattern of expression. The prototype isoform bAPP-695 occurs early in cells actively implicated in morphogenetic events, as those mesodermal cells invaginating at the level of the primitive streak, and it is later restricted to the neurectodermal (neural tube, neural crest and neurogenic placode) derivatives. By contrast, the longest isoform bAPP-770 appears later and restricted to mesodermal and endodermal derivatives. The isoforms bAPP-714 and bAPP-751 are still expressed later than the other two isoforms and distributed ubiquitously, though bAPP-714 transcripts predominate typically within the neural tube. q
Results and discussion
Using a bAPP pan-probe, which recognizes all bAPP isoforms (see Fig. 1 ), we noted that bAPP is ubiquitously expressed throughout embryogenesis. Every derivative from the three germinal layers (ectoderm, mesoderm and endoderm) display high levels of bAPP mRNA. Therefore, to determine which type of bAPP was expressed by a particular structure, oligonucleotides speci®c for the four major bAPP isoforms were made to perform in situ hybridization histochemical analysis throughout embryogenesis.
High levels of the prototype isoform bAPP-695 mRNA were detected as early as E9 in the mesodermal cells invaginating at the level of the primitive streak ( Fig. 2A,B) . At this early stage the neural plate and groove did not express noticeable levels of bAPP-695 mRNA. As the development advances, bAPP-695 mRNA changed to be typically expressed by neurectodermal derivatives, including those of neural tube (encephalon and spinal cord), neural crest (sensory and autonomic ganglia) and neurogenic placodes and vesicles (nasal epithelium, retina, inner ear and cranial ganglia).
Within the developing central nervous system the highest levels of bAPP-695 mRNA expression was initially observed on E10 in the motor neurons and surrounding cells at the ventral aspects of the neural tube. In the dorsal root ganglia only the most ventral cells displayed high levels of mRNA at this stage (Fig. 2C,G) . As the development proceeds, increasing numbers of cells expressing bAPP-695 mRNA were seen in the neural tube (Fig. 2D±F,H±J) . All areas derived from the neural tube expressed important levels of bAPP-695 mRNA from mid-gestational days onwards, a situation that remains in the adult central nervous system. Like the neural tube, autonomic ganglia also displayed an increasing pattern of bAPP-695 mRNA expression as development advances (Fig. 2C±E,G±I) .
In the optic primordium, bAPP-695 mRNA was initially expressed on E11 in the pigment epithelium of the retina and at very low levels in the neural epithelium. However, by the end of gestation it was expressed by the ganglion cell layer of the neural retina at much higher levels than the pigment epithelium. The lens vesicle also expressed bAPP-695 mRNA, mainly its posterior epithelium (Fig.  2K ,L).The nasal olfactory and otic epithelia also expressed high levels of bAPP-695 from their earliest stages of development (Figs. 2M, N and 3B) .
In contrast to the neurectodermal expression of bAPP-695, the longest isoform bAPP-770 was typically expressed in mesodermal and endodermal derivatives (Fig. 3) . During embryonic development of the central nervous system bAPP-770 was only expressed in choroid plexi and meninges, both mesodermal derivatives, and at low levels in some ependymal cells of the rhombencephalon (Fig.  3C,H) . It is noteworthy that bAPP-695 and bAPP-770 mRNA expression in most autoradiograms of consecutive sections resembled one the positive and the other the negative of the same photograph (see Fig. 3B ,C,G± H,L,M,P,Q,T,U). Not all mesodermal or endodermal derivatives, however, expressed bAPP-770. Fig. 3 shows for instance that while the pan-probe, which represents total bAPP expression, displayed displaceable signal in a mesendodermal derivative as the kidney, the oligonucleotide bAPP-770 only displayed background signal in this organ on E18 (illustrated particularly in Fig. 3S,U) .
The other two major bAPP isoforms, bAPP-714 and bAPP-751, began to show noticeable levels of mRNA on E12 and E13, respectively, and exhibited an ubiquitous distribution, although bAPP-714 mRNA expression predominated typically within the neural tube (Fig. 3) .
Methods
Wistar rat embryos on gestational days 7±20 were used. They were collected in cold PBS and ®xed in freshly prepared paraformaldehyde (4% in PBS) overnight at 48C, washed in 10% sucrose in PBS during 24 h, frozen in isopentane at 2408C, and stored at 2808C until sectioning. The youngest embryos (up to E14) were ®xed as described, dehydrated in an ethanol series and embedded in paraf®n.
In situ hybridization histochemistry was performed as described (Terrado et al., 1997 (Terrado et al., , 1999 ) using four speci®c Fig. 1 . Schematic diagrams of the four bAPP isoforms analyzed and the ®ve oligonucleotide probes used in the study. The isoforms bAPP-714, bAPP-751 and bAPP-770 differ from the prototype isoform bAPP-695 (at the bottom) by the inclusion of exon II, the exon encoding the Kunitz-type protease inhibitor (Kunitz PI) or both exons, respectively. The four isoforms contain the b-amyloid peptide (bA4) found in the characteristic neuritic and cerebrovascular amyloid deposits of Alzheimer's disease patients. The four speci®c probes are represented on the longest isoform bAPP-770 (at the top) in addition to the corresponding speci®c isoform. The pan-probe is represented on the four isoforms. Fig. 2 . Expression of the prototype bAPP-695 throughout embryogenesis. Dark ®eld (A,C±F,K,M) and the corresponding Giemsa-stained light ®eld (B,G±J,L,N) photographs of the same sections of an E9 (A,B) embryo (sagittal), the cervical region (transversal) of E10 (C,G), E11 (D,H), E12 (E,I) and E14 (F,J) embryos, and the eye (K,L) and nasal cavity (M,N) of E18 embryos. At E9 bAPP-695 mRNA is con®ned to the primitive streak (ps). From E10 onwards only neurectodermal cells contain high amounts of mRNA. In (C±E,G,H) the two cervical cranial ganglia are indicated with arrows. In the eye (K,L) the signal for bAPP-695 mRNA is mainly localized in the ganglion cell layer (arrowheads) and pigment epithelium (small arrows) of the retina. The apparently high signal in the core of the lens in (K) is an artifact because of dark ®eld illumination. In (M,N), the nasal epithelium is the sole speci®c signal for bAPP-695 mRNA. h, heart; ph, pharynx; rn, rostral neuropore; s, somites. Fig. 3 . Expression of the four major bAPP isoforms (A±J) in E12 (A±E) and E16 (F±J) embryos, and differential expression of bAPP-695 and bAPP-770 in E18 embryos (K±U). The photographs illustrate the signals observed with the pan-probe (A,F,K,O,S) and those observed with the probes speci®c for bAPP-695 (B,G,L,P,T), bAPP-770 (C,H,M,Q,U), bAPP-714 (D,I) and bAPP-751 (E,J). At E12 only tissue-background signal is observed with the probes for bAPP-714 (D) and bAPP-751 (E) after long exposure times (14 days). Panel (N) shows the signal observed after co-hybridization of the pan-probe along with 100-fold excess of unlabelled oligonucleotide, and panel (R) shows the signal observed after a similar competition experiment using the probe bAPP-770. Note that in panel (R) all signals are completely displaced except for those in the over-exposed liver and gut in which only some signal has disappeared, suggesting that the remaining strong signal is non-speci®c. a, adrenal; di, diencephalon; drg, dorsal root ganglia; h, heart; int, intestine; k, kidney; lu, lung; mes, mesencephalon; met, metencephalon; mye, myelencephalon; nc, nasal cavity; op, otic primordium; rh, rhombencephalon; s, stomach; sc, spinal cord; scg, superior cervical ganglion; sym, sympathetic thoracic ganglia; te, telencephalon; ton, tongue; IV, fourth ventricle.
complementary to the base sequence encoding the 16±63 bases of the bAPP cDNA (Shivers et al., 1988) was also used.
